Adhesion of Helicobacter pylori to the gastric mucosa is a prerequisite for the pathogenesis of H. pylori related diseases. In this study, we investigated the ganglioside composition of human stomach as the target for attachment mediated by H. pylori SabA (sialic acid binding adhesin). Acid glycosphingolipids were isolated from human stomach and separated into subfractions, which were characterized by mass spectrometry and by binding of antibodies, bacteria, and Solanum tuberosum lectin. H. pylori SabA binding gangliosides were characterized as Neu5Aca3-neolactohexaosylceramide and Neu5Aca3-neolactooctaosylceramide, while the other acid human stomach glycosphingolipids characterized (sulfatide and the gangliosides GM3, GD3, GM1, Neu5Aca3-neolactotetraosylceramide, GD1a and GD1b) were not recognized by the bacteria. Defining H. pylori binding glycosphingolipids of the human gastric mucosa will be useful to specifically target this microbe-host interaction for therapeutic intervention.
Introduction
Helicobacter pylori is a successful bacterium, which is exceptionally equipped to persistently colonize the human stomach. Colonization by this pathogen can lead to severe gastric diseases, ranging from chronic gastritis and peptic ulcer disease to malignant neoplastic diseases (gastric cancer and mucosa-associated lymphoid tissue (MALT) lymphoma). The adherence of H. pylori to the gastric epithelium is a virulence factor facilitating the colonization of the stomach. A number of different carbohydrate receptor candidates for H. pylori have been described [1] . However, despite the multitude of candidate H. pylori receptors, only three carbohydrate binding adhesins, the blood group antigen binding BabA adhesin [2] , the sialic acid binding SabA adhesin [3] , and the lacdiNAc-binding LabA adhesin [4] , have been characterized to date. In addition, the interaction of HopQ with human CEACAMs was recently reported [5, 6] . HopQ is thus the first protein binding adhesin of H. pylori. The adherence-associated lipoprotein A and B (AlpA/B) and the outer inflammatory protein A (OipA) are also involved in H. pylori adhesion [7] [8] [9] .
BabA, which binds Le b and other related fucosylated antigens, is the primary adhesin responsible for attachment of H. pylori to the human gastric mucosa. SabA binds to N-acetyllactosamine-based gangliosides with terminal a3-linked Neu5Ac, with a preferential binding to gangliosides with long N-acetyllactosamine chains, and also binds to gangliosides with fucose substitutions of the N-acetyllactosamine core chain, as e.g. the dimeric sialyl-Le x ganglioside [10] . Another ganglioside binding protein of H. pylori is the soluble neutrophil activating protein HP-NAP, which specifically binds to gangliosides with a terminal NeuAca3Galb4GlcNAcb3Galb4GlcNAc sequence [11] . HP-NAP is to some extent associated with the bacterial cell surface [12] , and could thus be involved in the ganglioside recognition by H. pylori bacterial cells. However, the ganglioside binding pattern of mutant H. pylori with knock-out of the gene coding for HP-NAP was identical to that of the parental wild type strain. Thus HP-NAP is not involved in the binding of H. pylori bacterial cells to gangliosides [10] .
In non-Le b individuals an enhanced H. pylori colonization density is obtained by interactions between the SabA adhesin and sialylated gastric glycoconjugates [13] . Still, the content of sialylated glycoconjugates is low in the normal human gastric epithelium [14] [15] [16] . The major acid glycosphingolipids of human stomach have been characterized as sulfatide and the gangliosides GM3, GM1, GD3, and GD1a [17] , but the detailed ganglioside composition has not yet been determined.
In the present study total acid glycosphingolipids were isolated from human stomach, and separated into subfractions, which were characterized by mass spectrometry and by binding of monoclonal antibodies, bacteria, and Solanum tuberosum lectin in chromatogram binding assays. Two minor H. pylori SabA binding gangliosides were characterized as Neu5Aca3-neolactohexaosylceramide and Neu5Aca3-neolactooctaosylceramide, while the other acid human stomach glycosphingolipids characterized (sulfatide and the gangliosides GM3, GD3, Neu5Aca3-neolactotetraosylceramide, GD1a and GD1b) were not recognized by H. pylori SabA.
Results

Binding of SabA expressing H. pylori to total acid glycosphingolipids of human stomach
To identify human gastric gangliosides to which H. pylori SabA binds, acid glycosphingolipids isolated from human stomach were separated on thin-layer chromatograms and tested for binding of BabA and SabA expressing H. pylori wild type strain J99, and the deletion mutant strains lacking SabA (J99/SabA-) or the H. pylori neutrophil activating protein (J99/ NAP-). Chemical staining of the human stomach acid glycosphingolipids showed four major bands migrating as sulfatide and the gangliosides GM3, GD3, and GD1a (Fig. 1A, lane 2) . All three strains showed BabA mediated binding to the reference Le b hexaosylceramide (Fig. 1B-D, lane 4) , and to compounds migrating at the same level in the non-acid glycosphingolipid fraction from human stomach (Fig. 1B-D, lane 3) . The SabA expressing H. pylori strain J99 also bound to a number of minor slow-migrating compounds in the acid glycosphingolipid fraction from human stomach (Fig. 1B, lane 2) . The same binding pattern was obtained with the deletion mutant strain lacking the H. pylori neutrophil activating protein (Fig. 1C, lane 2) , demonstrating that HP-NAP has no role in the binding to human stomach gangliosides by H. pylori bacterial cells. However, no binding to these compounds was obtained with the J99/SabA deletion mutant strain (Fig. 1D, lane 2) , demonstrating that the binding of H. pylori to the slow-migrating acid glycosphingolipids of human stomach is mediated by SabA.
Characterization of the total acid glycosphingolipids of human stomach by LC-ESI/MS
The total acid glycosphingolipids of human stomach were next characterized by LC-ESI/MS. Fig. 2A (Fig. 2F) .
Characterization of the acid glycosphingolipids of human stomach by bacteria and antibody binding
To substantiate the data from mass spectrometry the binding of a number of carbohydrate binding ligands to the acid glycosphingolipids of human stomach was thereafter tested (Fig. 3) . Again binding of H. pylori strain J99 to slow-migrating gangliosides of human stomach was obtained (Fig. 3B, lane 1) . The binding of sulfatide binding CS6 expressing Escherichia coli [18] to a fast-migrating compound of the acid fraction of human stomach (Fig. 3C, lane 1) supported the presence of sulfatide, while the binding of antiNeu5Aca3-neolacto antibodies (Fig. 3D, lane 1) to a more slow-migrating compound was in line with the presence of Neu5Aca3-neolactotetraosylceramide. Slow-migrating compounds were also recognized by the anti-GD1a (Fig. 3E, lane 1) and anti-GD3 (Fig. 3F, lane 1) antibodies, supporting the presence of the GD1a and GD3 gangliosides, respectively. Finally, no binding of monoclonal antibodies directed against the Neu5Aca3-Le a determinant (Fig. 3G , lane 1), the Neu5Aca3-Le x determinant (Fig. 3H, lane 1) , or Neu5Aca6-neolacto (not shown), to the acid glycosphingolipids of human stomach occurred.
Isolation of H. pylori SabA binding gangliosides from human stomach
In order to characterize the minor slow-migrating H. pylori SabA binding gangliosides of human stomach, the total acid glycosphingolipid fraction (60 mg) was separated by repeated chromatographies on silicic acid and Iatrobeads columns, and the preparative procedure was monitored by binding of radiolabeled SabA-expressing H. pylori on thin-layer chromatograms. The first separation gave one fraction (5.6 mg) containing compounds migrating in the sulfatide region on thin-layer chromatograms, and one fraction (2.8 mg) with compounds migrating as the GM3 ganglioside. No binding of H. pylori to these fractions was obtained. After a number of further chromatographies six subfractions containing gangliosides migrating as Neu5Aca3-neolactotetraosylceramide and below were obtained (designated fractions S1-S6; Fig. 4A, lanes 1-6) . These ganglioside fractions were tested for binding of SabA-expressing H. pylori strain J99. Fractions S1-S3 were non-binding (Fig. 4B,   lanes 1-3) , while binding of H. pylori to fractions S4, S5 and S6 was obtained (Fig. 4B, lanes 4-6) .
The three H. pylori binding fractions S4-S6 were pooled, and again separated an Iatrobeads column. After pooling the subfractions obtained according to their mobility on thin-layer chromatograms and their H. pylori binding activity, three fractions were obtained (designated fraction SI, SII and SIII). H. pylori SabA binding compounds were present in fractions SII and SIII (Fig. 4C, lanes 3-4) , whereas fraction SI was nonbinding (Fig. 4C, lane 2) . Binding of the Neu5-Aca3Galb4GlcNAcb3Galb4GlcNAc recognizing lectin from Solanum tuberosum [19] (Fig. 4D, lanes 3-4) , and anti-Neu5Aca3-neolacto antibodies ( neolactohexaosylceramide in fraction SII and Neu5-Aca3-neolactooctaosylceramide in fraction SIII.
Binding of SabA-expressing H. pylori to the total acid glycosphingolipids of human gastric mucosa
Since the glycosphingolipids from human stomach were isolated from whole stomach tissue, and thus also could be derived from the submucosal tissue, we next examined the binding of H. pylori to acid glycosphingolipids from human gastric mucosal scrapings. Once again the same binding pattern was obtained, i.e. the bacteria bound distinctly to a number of slow migrating compounds (Fig. 6B , lane 2), demonstrating that the H. pylori SabA binding gangliosides were present in human gastric mucosal cells. Binding of the Neu5-Aca3Galb4GlcNAcb3Galb4GlcNAc recognizing lectin from S. tuberosum to the acid glycosphingolipids from human gastric mucosa was also obtained (Fig. 6C,  lane 2) , confirming the presence of gangliosides with N-acetyllactosamine core chains with terminal a3-linked Neu5Ac. expressing Escherichia coli (C), monoclonal antibodies directed against Neu5Aca3-neolacto (D), the GD1a ganglioside (E), the GD3 ganglioside (F), Neu5Aca3-Le a (G), and Neu5Aca3-Le x (H). The glycosphingolipids were separated on aluminum-backed silica gel plates, using chloroform/methanol/water 60:35:8 (by volume) as solvent system, and the binding assays were performed as described under "Materials and methods". Autoradiography was for 12 h. The lanes were: Lane 1, total acid glycosphingolipids of human stomach, 40 mg; Lane 2, reference total acid glycosphingolipids of human liver cancer, 40 mg; Lane 3, reference calf brain gangliosides, 40 mg. To allow comparison between the chromatograms in the figures the migration level of NeuAc5a3-neolactohexaosylceramide is indicated by the designation SnLc6.
Inhibition assay
Next the potential blocking effect of the Neu5-Aca3Galb4GlcNAcb3Galb4GlcNAc binding lectin from S. tuberosum on the binding of H. pylori to human stomach gangliosides was evaluated by incubating chromatograms with unlabeled lectin before binding of radiolabeled bacteria. By this procedure the binding of H. pylori strain J99 to the gangliosides of human stomach was completely abolished (Fig. S3B, lane 2) . The lectin also interfered with the binding of the bacteria to the gangliosides of human granulocytes (Fig. S3B, lane 1) . However, in this case the binding was diminished, but several binding active compounds were still detected.
Characterization of sulfatides and the GM3 gangliosides by LC-ESI/MS
LC-ESI/MS of the fraction containing compounds migrating in the sulfatide region identified a battery of sulfatides with variant ceramide composition (Fig. S2) . The predominant molecular species had long hydroxy fatty acids (h24:0 and h26:0), as reported previously [17] . There were also minute amounts of sulfated dihexosylceramides.
GM3 with mainly sphingosine and non-hydroxy 16:0-24:0 fatty acids was characterized by LC-ESI/MS of the fraction having compounds migrating as the GM3 ganglioside (data not shown).
The acid glycosphingolipids of human stomach characterized in this study, and their H. pylori binding activity, are summarized in Table 1 . In the binding experiments using mixtures of acid glycosphingolipids from human stomach or gastric mucosa a binding of the bacteria in the sulfatide region (e.g. Fig. 3B , lane 1) was sometimes obtained. This binding could not be reproduced when using defined amounts of reference sulfatide, and was judged to be unspecific and caused by the relative high amounts of these compounds in the glycosphingolipid mixtures. An occasional binding at the level of Neu5Aca3-neolactotetraosylceramide, and also to reference Neu5Aca3-neolactotetraosylceramide, was also obtained (compare Fig. 4B, lane 7 and Fig. 6B,  lane 4) . Occasional binding to this ganglioside has been reported previously [10] , and is most likely due to suboptimal exposure of the Neu5Aca3Gal head group on this relatively short N-acetyllactosamine chain. 
Discussion
In this study we have characterized the acid glycosphingolipids from human stomach and found that the major acid glycosphingolipids of human stomach are sulfatide and the GM3 ganglioside. In addition, the gangliosides GD3, GD1a, GD1b, Neu5Aca3-neolactotetraosylceramide, Neu5Aca3-neolactohexaosylceramide, and Neu5-Aca3-neolactooctaosylceramide, were identified. Neu5Aca3-neolactohexaosylceramide and Neu5-Aca3-neolactooctaosylceramide, isolated from human hepatoma and human colon cancer, were identified as high affinity ligands in our previous study of the structural requirements for H. pylori ganglioside binding [10] . A preferential binding to Neu5Aca3-neolactooctaosylceramide over Neu5Aca3-neolactohexaosylceramide was observed, which most likely is due to a better access to the Neu5Aca3Gal group on the longer carbohydrate chain. Comparative binding studies using dilutions of gangliosides on thin-layer plates demonstrated an increased affinity for gangliosides carrying fucose residues on the core chain, since the bacteria bound better to the VIM-2 (Neu5-
Here, two minor H. pylori SabA binding gangliosides from human stomach were characterized as sialyl-neolactohexaosylceramide (Neu5Aca3Galb4-GlcNAcb3Galb4GlcNAcb3Galb4Glcb1Cer), and sialyl-neolactooctaosylceramide (Neu5Aca3Galb4Glc-NAcb3Galb4GlcNAcb3Galb4GlcNAcb3Galb4Glcb1-Cer). Binding studies using acid glycosphingolipids from human gastric mucosal cells indicated that these gangliosides were indeed present in target cells of H. pylori.
The expression of the high affinity SabA binding sialyl-Le X determinant is low in the healthy noninflamed human gastric mucosa [14, 16] . In line with this, there was no binding of anti-sialyl-Le X antibodies to the acid glycosphingolipids of human stomach, and despite a targeted search for molecular ions of the sialylLe X and dimeric-sialyl-Le X gangliosides in the LC-ESI/ MS study, these compounds could not be identified. Figure 6 . Binding of SabA-expressing H. pylori to the total acid glycosphingolipids of human gastric mucosa. Thin-layer chromatogram after detection with anisaldehyde (A), and autoradiograms obtained by binding of H. pylori strain J99 (B), and S. tuberosum lectin (C). The glycosphingolipids were separated on aluminum-backed silica gel plates, using chloroform/methanol/water 60:35:8 (by volume) as solvent system, and the binding assays were performed as described under "Materials and methods". Autoradiography was for 12 h. The lanes were: Lane 1, total acid glycosphingolipids of human neutrophils, 40 mg; Lane 2, total acid glycosphingolipids of mucosal scrapings from human stomach, 40 mg; Lane 3, total acid glycosphingolipids of non-mucosal residue from human stomach, 40 mg; Lane 4, reference NeuAca3-neolactotetraosylceramide (Neu5Aca3Galb4GlcNAcb3Galb4Glcb1Cer) of human erythrocytes, 4 mg; Lane 5, reference Neu5Ac-G-10 ganglioside (Neu5Aca3Galb4GlcNAcb6(Neu5Aca3Galb4GlcNAcb3)Galb4GlcNAcb3Galb4Glcb1Cer) of human erythrocytes, 4 mg. To allow comparison between the chromatograms in the figures the migration level of NeuAc5a3-neolactohexaosylceramide is indicated by the designation SnLc6. 
Binding is defined as follows: + denotes a reproducible binding of H. pylori strain J99, (+) denotes an occasional binding, while -denotes no binding.
However, the gastric inflammation elicited by H. pylori infection leads to an alteration in the glycosylation of the gastric mucosa with upregulation of inflammation-associated sialyl-Le x antigens, promoting SabAmediated attachment of H. pylori [3] . Thus, high levels of sialylated glycoconjugates are present in the gastric mucosa of H. pylori infected individuals [20] . The increased expression of sialyl-Le x and sialyl-Le a is due to transcriptional up-regulation of the B3GNT5, B3GALT5 and FUT3 genes [21] . Thus, enhanced adhesion of SabA positive H. pylori to the inflamed gastric epithelium is supported by the increased expression of high affinity SabA binding glycoconjugates, allowing bacterial persistence after successful colonization and establishment of gastric inflammation [3] .
The expression of SabA is highly variable and subject to regulation via phase variation in the promoter and coding regions, as well as repression by the two-component system ArsRS [22] [23] [24] [25] . Furthermore, sabA can recombine with its related allele sabB, and to some extent with hopQ [26] . Thus, in the face of a changing gastric microenvironment with remodeling of the glycome, an enhanced SabA expression may allow H. pylori attachment, whereas down-regulation of SabA may allow escape from areas with strong host immune defenses.
In addition to mediating gastric adhesion, SabA is involved in the interplay between H. pylori and human erythrocytes and neutrophils [27, 28] . Thus, SabA is the sialic acid-dependent hemagglutinin of H. pylori, as demonstrated by hemagglutination studies using sabA deletion mutants. Protease treatment of the erythrocytes showed that H. pylori-mediated hemagglutination mainly occurs through interactions with erythrocyte glycosphingolipids [27] .
In H. pylori induced gastritis a prominent feature is the infiltration of the gastric lamina propria by neutrophil granulocytes, and neutrophils are also seen permeating between the epithelial cells. In addition H. pylori are in direct contact with immune cells, including granulocytes, of the lamina propria in the majority of cases of gastritis and gastric cancer [29] . Neutrophils are activated by H. pylori, leading to an oxidative burst reaction with release of reactive oxygen metabolites [30] , which over time leads to an accumulation of oxidative DNA damage [31, 32] . Deletion of the neutrophil activating protein HP-NAP, the vacuolating cytotoxin VacA, or the BabA adhesin had no effect on H. pylori neutrophil activating capacity [28] . However, deletion of the SabA adhesin gave significant defects in neutrophil activation, and the neutrophil adherence, phagocytosis and agglutination were also severely impaired. Preincubation of SabA-expressing H. pylori with sialylated oligosaccharides mirrored the effect caused by SabA deletion [33] .
Thus, H. pylori-induced activation of human neutrophils is initiated by the SabA-mediated binding to sialic acidcarrying neutrophil receptors.
Upon binding of H. pylori to the acid glycosphingolipids of human granulocytes and human stomach very similar binding patterns were obtained, which might lead to the suspicion that the minor H. pylori binding gangliosides characterized were derived from infiltrating neutrophils, and not from the gastric epithelial cells. However, the ganglioside composition of human neutrophils is distinctly different from the human stomach gangliosides characterized here. The gangliosides of human neutrophils are a complex mixture [34] [35] [36] [37] , and with the exception of the GM3 ganglioside, these gangliosides have one or several Nacetyllactosamine moieties, where one or more of the N-acetylglucosamines may be substituted with a3-linked fucose(s), and there are gangliosides with both a6-or a3-linked Neu5Ac. As stated above we did a targeted search for fucosylated gangliosides, as e.g. sialyl-Le X and dimeric-sialyl-Le X , in the LC-ESI/MS analyses. We also searched for gangliosides with a6-linked Neu5Ac, which may be readily identified by diagnostic 0,2 X ions [37] . However, none of these compounds could be identified among of the gangliosides from human stomach.
Interestingly, the crystal structures of both BabA and SabA have recently been reported [38, 39] . Both adhesins have an ectodomain topology with seven a helices organized in a joined 4 + 3 helix bundle. In BabA there is also a 4-stranded b sheet insertion which is involved in Le b binding. This insertion is not present in SabA, and the location of the carbohydrate binding site in SabA has not been identified yet.
The distribution of Neu5Aca3-neolactohexaosylceramide and Neu5Aca3-neolactooctaosylceramide in the human stomach has not been investigated. However, several immunohistochemistry studies have demonstrated that ABH and Le blood group determinants based on type 1 core chain are present in the foveolar epithelium in the normal gastric mucosa, while ABH and Le blood group determinants based on type 2 core are found both in the foveolar epithelium and in deep gastric glands [14, [40] [41] [42] [43] . The precursor of Neu5Aca3-neolactohexaosylceramide and Neu5Aca3-neolactooctaosylceramide, i.e. the blood group i antigen (Galb4GlcNAcb3Galb4Glc NAc) is mainly present in the gastric glands, but also found in the foveolar epithelium [44] .
The minor SabA binding gangliosides of human gastric mucosa might play different roles in different stages of H. pylori infection. During the initial colonization by H. pylori, which is primarily mediated by BabA, Neu5-Aca3-neolactohexaosylceramide and Neu5Aca3-neolactooctaosylceramide might function as additional adhesion factors for SabA-expressing H. pylori. The H. pylori induced gastric inflammation leads to a transcriptional activation of the human FUT3 gene [21] , and Neu5Aca3-neolactohexaosylceramide and Neu5Aca3-neolactooctaosylceramide are targets for the FUT3 gene product Fuc-TIII, a fucosyltransferase capable of catalyzing addition of a fucose in the sialyl-Le X -characteristic a3-linkage, the last step in sialyl-Le X synthesis. Thus, Neu5Aca3-neolactohexaosylceramide and Neu5Aca3-neolactooctaosylceramide have a role in the increased expression of sialyl-Le X and related antigens, which H. pylori can exploit for binding to the inflamed gastric mucosa.
The identification of the minor SabA binding gangliosides of the human gastric mucosa, Neu5Aca3-neolactohexaosylceramide and Neu5Aca3-neolactooctaosylceramide may further contribute to our understanding of the molecular mechanisms by which H. pylori establish successful infections in human hosts, and could hopefully guide the development of novel and efficacious anti-adhesive therapies that specifically target this bacterium-host interaction.
Materials and methods
H. pylori strains, culture conditions and labeling
The generalist H. pylori strain J99, and the construction of the J99/SabA-mutant sabA::cam were described by Mahdavi et al [3] . The construction of HP-NAP knockout mutant, designated J99/NAP-(napA::kan) strain was described by Unemo et al [28] . The wild type J99 strain was used since it binds to sialyl-Le X , dimeric-sialyl-Le X , sialyl-Le a and sialyl-lactosamine with similar affinities [27] .
For chromatogram binding experiments the bacteria were grown in a microaerophilic atmosphere at 37 C for 48 h on Brucella medium (Fisher Scientific; BD 211086) containing 10% fetal calf serum (Fisher Scientific; A15-101) inactivated at 56 C, and BBL IsoVitaleX Enrichment (Fisher Scientific; BD 211876). The mutant strains J99/SabA-and the J99/NAP-were cultured on the same medium supplemented with chloramphenicol (20 mg/ml). Bacteria were radiolabeled by the addition of 50 mCi 35S-methionine (PerkinElmer; NEG77207MC) diluted in 0.5 ml phosphate-buffered saline (PBS) pH 7.3, to the culture plates. After incubation for 12-72 h at 37 C under microaerophilic conditions, the bacteria were harvested, centrifuged three times and thereafter suspended to 1 £ 108 CFU/ml in PBS. The specific activities of the suspensions were approximately 1 cpm per 100 H. pylori organisms.
Reference glycosphingolipids
Total acid and non-acid glycosphingolipid fractions were isolated as described [45] . Individual glycosphingolipids were isolated by repeated chromatography on silicic acid columns and by HPLC, and identified by mass spectrometry [46, 47] , and 1 H-NMR spectroscopy [48] .
Isolation of H. pylori binding gangliosides from human stomach
The isolation of total acid and total non-acid glycosphingolipids from human stomach was done during the 1970ies by the method described by Karlsson [45] . The stomach was collected in 1974 at Sahlgrenska University Hospital, G€ oteborg, Sweden (before the hospital had an ethics committee). The stomach was dissected out at autopsy of an 84 year old patient who died of heart failure due to a myocardial abscess, and frozen at ¡70 C. The tissue was then lyophilized, and thereafter extracted in two steps in a Soxhlet apparatus with chloroform and methanol (2:1 and 1:9, by volume, respectively). The material thereby obtained was subjected to mild alkaline hydrolysis and dialysis, followed by separation on a silicic acid column. Acid and non-acid glycosphingolipid fractions were obtained by chromatography on a DEAEcellulose column. In order to separate the non-acid glycosphingolipids from alkali-stable phospholipids, the non-acid fraction was acetylated and separated on a second silicic acid column, followed by deacetylation and dialysis. Final purifications were done by chromatographies on DEAE-cellulose and silicic acid columns. A total acid glycosphingolipid fraction of 59.7 mg was isolated from 31.7 g dry weight tissue. The glycosphingolipids were dissolved in chloroform/methanol (2:1, by volume), and kept at -20 C. After the initial test for H. pylori binding, non-glycosphingolipid impurities in the total acid glycosphingolipid fraction were removed by chromatography on a silicic acid column eluted with increasing concentrations of methanol in chloroform. Thereby a fraction (40 mg) containing resorcinol positive compounds and a compound migrating in the sulfatide region on thin-layer plates was obtained. This fraction was separated on a 40 g Iatrobeads column (Iatron Laboratories Inc.; 6RS-8060) eluted with chloroform/methanol/water (65:24:4, by volume) 4 £ 10 ml, chloroform/methanol/water (60:35:8, by volume) 5 £ 10 ml, and chloroform/methanol/water (40:40:12, by volume) 10 £ 10 ml, and finally chloroform/methanol/water (40:40:12, by volume) 40 ml. The fractions obtained were analyzed by thinlayer chromatography and anisaldehyde and resorcinol staining, and the H. pylori binding activity was assessed using the chromatogram binding assay (see below). The fractions were pooled according to the mobility on thinlayer chromatograms and their H. pylori binding activity. Thereby one fraction (5.6 mg) containing compounds migrating in the sulfatide region, one fraction (2.8 mg) with compounds migrating as the GM3 ganglioside, and one fraction (14 mg) containing slow migrating H. pylori binding gangliosides, were obtained.
The latter fraction was separated on a 15 g Iatrobeads column eluted in a similar manner. This resulted in six fractions (designated fractions S1-S6) containing resorcinol positive compounds migrating as Neu5Aca3-neolactotetraosylceramide and below. Pooling of the three H. pylori binding fractions S4-S6 gave 2.8 mg. This material was separated on a 2 g Iatrobeads column eluted with chloroform/methanol/water (60:35:8, by volume) 60 £ 0.5 ml, and finally 10 ml. After pooling of the subfractions according to their mobility on thin-layer chromatograms and their H. pylori binding activity, three fractions were obtained (designated fraction SI, SII and SIII).
Isolation of acid glycosphingolipids from human gastric mucosa
The acid glycosphingolipids from human gastric mucosa were from a previous study of H. pylori binding non-acid glycosphingolipids [49] . The materials used were stomach tissue (10 £ 10-cm pieces) obtained from the fundus region from patients undergoing elective surgery for morbid obesity. After washing with 0.9% NaCl (w/v), the mucosal cells were gently scraped off and kept at ¡70 C. The material was lyophilized, and acid and non-acid glycosphingolipids were isolated as described [49] .
Thin-layer chromatography
Thin-layer chromatography was done on aluminum-or glass-backed silica gel 60 high performance thin-layer chromatography plates (Merck; 105641/105547). Glycosphingolipid mixtures (40 mg) or pure glycosphingolipids (1-4 mg) were applied to the plates, and eluted with chloroform/methanol/water (60:35:8, by volume) as solvent system. Chemical detection was done with anisaldehyde [50] , or the resorcinol reagent [51] .
Chromatogram binding assays
Binding of 35 S-labeled H. pylori to glycosphingolipids on thin-layer chromatograms was done as previously reported [10] . Dried chromatograms were dipped for 1 min in diethylether/n-hexane (1:5, by volume) containing 0.5% (w/v) polyisobutylmethacrylate (Sigma-Aldrich; 181544.). After drying, the chromatograms were soaked in PBS/BSA (PBS containing 2% bovine serum albumin (w/v), 0.1% NaN3 (w/v) and 0.1% Tween 20 (by volume)) for 2 h at room temperature. The chromatograms were subsequently covered with radiolabeled bacteria diluted in PBS/BSA (2-5 £ 10 6 cpm/ml). Incubation was done for 2 h at room temperature, followed by repeated washings with PBS. The chromatograms were thereafter exposed to XAR-5 X-ray films (Carestream; 8941114) for 12 h.
The mouse monoclonal antibodies tested for binding to the acid glycosphingolipids in the chromatogram binding assay are given in Table 2 . Binding of antibodies to glycosphingolipids separated on thin-layer chromatograms was performed as described [52] , using 125 Ilabeled monoclonal anti-mouse antibodies (DakoCytomation Norden A/S; Z0259) for detection.
Binding of 35 S-labeled CS6 expressing E. coli, and 125 Ilabeled S. tuberosum lectin (Sigma-Aldrich; L7885) on thin-layer chromatograms was done as described [18, 19] .
Inhibition assay
To evaluate the potential blocking of H. pylori ganglioside binding, thin-layer chromatograms with separated glycosphingolipids were treated with polyisobutylmethacrylate and blocked with PBS/BSA, as described above. The chromatograms were then incubated with unlabeled S. tuberosum lectin (diluted to 50 mg/ml in PBS/BSA) for 2 h at room temperature, followed by repeated washings with PBS. The chromatograms were thereafter incubated with radiolabeled H. pylori J99, as described above.
LC-ESI/MS of glycosphingolipids
LC-ESI/MS of the native acid glycosphingolipids was done as described [53] . The glycosphingolipids were dissolved in methanol:acetonitrile in proportion 75:25 (by volume) and separated on a 200 £ 0.150 mm column, packed in-house with 5 mm polyamine II particles (YMC Europe GmbH; PB12S05). An autosampler, HTC-PAL (CTC Analytics AG) equipped with a cheminert valve (0.25 mm bore) and a 2 ml loop, was used for sample injection. An Agilent 1100 binary pump (Agilent technologies) delivered a flow of 250 ml/min, which was splitted down in an 1/16" microvolume-T (0.15 mm bore) (Vici AG International) by a 50 cm x 50 mm i.d. fused silica capillary before the injector of the autosampler, allowing approximately 2-3 ml/min through the column. Samples were eluted with an aqueous gradient (A:100% acetonitrile to B: 10 mM ammonium bicarbonate). The gradient (0-50% B) was eluted for 40 min, followed by a wash step with 100% B, and equilibration of the column for 20 min. The samples were analyzed in negative ion mode on a LTQ linear quadropole ion trap mass spectrometer (Thermo Electron), with an IonMax standard ESI source equipped with a stainless steel needle kept at -3.5 kV. Compressed air was used as nebulizer gas. The heated capillary was kept at 270 C, and the capillary voltage was -50 kV. Full scan (m/z 500-1800, two microscan, maximum 100 ms, target value of 30,000) was performed, followed by data-dependent MS 2 scans (two microscans, maximun 100 ms, target value of 10.000) with normalized collision energy of 35%, isolation window of 2.5 units, activation q = 0.25 and activation time 30 ms). The threshold for MS 2 was set to 500 counts. Data acquisition and processing were conducted with Xcalibur software (Version 2.0.7). Manual assignment of glycosphingolipid sequences was done with the assistance of the Glycoworkbench tool (Version 2.1), and by comparison of retention times and MS 2 spectra of reference glycosphingolipids.
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